Fine grained polycrystalline al na has been deformed in creep at
The measurements and the cavity observations are reported in the rst section. The observations are then compared with the predi ons of di fusive cavitation models, to establish the merit of such models for characterizing cavitation in this class of polycrystal. Finally, the models are used to examine the influence of cavi tion on the creep deformation under various conditions of stress and temperature.
RESULTS AND OBSERVAT
Deformation tests were conducted on exural specimens at constant displacement rates. The plastic strain levels achieved in the were determined from the separation of scribes placed on the side surface of tThe material was a hot pressed Al 2 0 3 /0o25% MgO with an average grain size of rv2]Jm. but the change in structure was also excluded as the origin of the nonlinearity~ because incremental displacement rate tes ture) gave identical values for the stress exponent.
(at constant strucMost of the test specimens were subjected to an ultimate s in of 0.07, at the maximum outer fiber strain location. The s imens were then polished down to various levels beneath the surface in order to observe the cavity distributions created in the sample~ as a function of the distance from the neutral axis. Appreciable cavity formation was invariably observed at the larger strain levels and, in all instances, the cavity distributions were inhomogeneous (figure 2): an observation of major significance to the interpretat·ion of creep rupture. 
T.he Cavity Shape
The near·~ti p sha ) the upper bound cavity width, w , can be predicted. For the cavity shown in figure 6 the upper bound value of the cavity width is 224 nm. compared th a meas nm. For each case, examined in this way, the measured width was always less than the upper bound value and within a factor of 3. Considering the uncertainty in the diffusion parameter, these correspondences are considered to be sufficiently close to confirm that the observed crack-like cavities had indeed formed by a diffusive mechanism~ with surface diffusion as the ra limiting step.
The Transition
The transition from the equilibrium to crack-like cavity roorphology is dependent upon the stress level. the relative cavity size and the ratio 6 of the surface to boundary diffusivities 8 • 13 • The location of this transition is plotted in figure 7 for a temperature of l550K (0.15<6<0.5) 3 . implied by the cavity growth models. The observed non-linearity of the creep ra n ~1.8 ·is thus figure 8 shows that the proportion of the cavitation creep attributed to the growth of crack-like or full-facet cavities is less than that derived from equilibrium shaped cavities, by a factor of ~3. This prediction is <in substantia·! agreement with the observations summarised in figure 2. However, a quantitative correlation between theory and experiment would be considerably complicated by the mixture of cavity morphologies typically observed, and the resultant tendency for the development of local constraints. Additional study is thus needed before the contributions of cavitation to the deformation can be adequately predicted.
CONCLUSIONS
Non-linear creep behavior (n ~1.8) has been observed in a fine grained hot-pressed, polycrystalline A1 2 o 3 ;0.25% MgO. At all stress levels, cavities were observed to nucl at grain triple junctions. At lower stress levels, creep cavities were predominantly equiaxed; whereas at higher stress levels, cavities frequently evolved into crack-like configurations and subsequently extended fully across the grain facets. However, the proportion of the creep strain attributable to cavitation was higher in the specimens deformed at the lower stress levels. Under all testing conditions, the cavitation was inhomogeneous and cavity coalescence was encountered at large strains.
Such behavior was attributed to variability in the dihedral angle or the surface diffusivity.
The observed crack-like cavity shapes and the transition from equilibrium to crack-like morphology was shown to be consistent with models of diffusive cavity growth that allow changes in cavity shape when the surface diffusivity becomes too small to maintain uniform curvature. This correlation has important implications for the prediction of creep rupture 8 • -12-
The contribution to the total creep strain was derived for three di ferent arrays of cavities. Each model predicted linear behavior at the s levels used in the present tes ~ discounting cavitation as the source of the observed non-linearity (a common misconception). The non-linearity is thus attributed to the actual deformation mechanism (·i.e., interface limita ons or grain boundary sliding thresholds).
RATES DUE TO CAVITATION
Deformation can occur the growth of cavi es in a ng structure. When the cavity distributions are in the form of uniform a the cavity induced deformation can be su imposed onto the general creep deformation to obtain an approximate measure of the total creep strain.
More complex behavior pertains in the presence of appreciable inhomogen ty.
Deformation rates can be deduced for each of the following cavity morphologies; the expansion of equilibrium cavities, the extension of crack-like cavities and the thickening of full facet-sized cavities. The results for each will be compared with the creep rate due to grain boundary diffusion, as a basis for estimating their relative importance.
Eguilibrium cavities
The deformation induced by equilibrium-shaped triple point cavities is given by
where f = a/b. cS is the rate of separation of adjacent grains due to the
deposition of matter (from the cavities) onto the intervening grain boundaries and o 0 is the sintering stress, where h(~) is a function that depends on the dihedral angle. The sinterin 9 stress is only significant immediately after nucleation when a is very smalL Thereafter, it can be effectively neglected Then. for f ~ 0.3. typical of the present observations, eqn. (Al) reduces to;
The ratio of the deformation rate to that for Coble creep is thus;
where g is the grain diameter. This ratio is plotted in figure 9 for a cavity located at each tr·iple point (grv'\"2 bL
Crack-like cavities
The deformation rate induced by an array of colinear crack-like cavities can be derived from the expression for the velocity, 
Substituting v from eqn (A6) into eqn (A5) two solutions obtain for the deformation rate. At low stress, aoob/y 5 <1,
This is the only result that yields non-linear behavior. However, the stress level at which this deformation rate pertains is lower than that employed in the present tests and generally too low to be of practical significance. At higher stresses~ objy 5 > 109
(A8}
The ratio of this creep rate to that for Coble creep is thus;
This result is also plotted in figure 9 g ~ b for a typi ca 1 6 The average stress over the intervening facet is thus;
This is related to the applied stress by;
The displacement rate thus becomes;
Conservation of matter requires that;
The final expres~ion for the thickening rate deduced from eqns. (A14). (Al9) and (A20) is thus;
The ratio with respect to Coble creep for a typica'l stress "level (a >>Y FIGURE CAPTI gure l. Creep data for hot pressed alumina deformed in a 3 point bend mode. Stress exponent~ n = 1.8. 
